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(54) Semiconductor device having a shallow isolation trench and fabrication process 



(57) A method for forming a semiconductor device 
having an isolation trench (14) for separation of element 
regions includes the steps of forming a pad oxide film 
(12) and a silicon nitride film (1 3) on a silicon substrate 
(1 1 ), forming an isolation trench (1 4) by using the silicon 
nitride film as a mask, forming consecutively a thermal 
oxide film (15), CVD oxide film (1 6) and a bias oxide film 



(17) in the isolation trench (14), removing the films 
above a specified level of the silicon substrate (11) to 
leave the isolation trench (14) filled with oxide films 
(15,16 and 17). The bias oxide film (17) is formed by a 
high-density plasma CVD technique. The silicon surface 
is protected by the CVD oxide film (16) against the plas- 
ma damage during the high-density CVD step, thereby 
obtaining excellent characteristics of transistors. 
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Description 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

[0001] The present invention relates to a semiconduc- 
tor device having a shallow isolation trench and, more 
particularly, to a technique for forming an shallow isola- 
tion trench. for separation between device elements in a 
LSI. 

(b) Description of the Related Art 

[0002] In a shallow trench isolation (STI) technique, 
element regions for forming device elements such as 
transistors are isolated from one another by using a 
shallow trench. In a dynamic random access memory 
(DRAM) using the STI technique, for example, the di- 
mensions of the shallow trench has been increasingly 
reduced with the reduction of the device elements and 
improvement of the fabrication technique for the LSI. 
[0003] Figs. 1 and 2 show an example of a semicon- 
ductor device in fabrication steps thereof at a location 
of a shallow isolation trench. In Fig. 1, a silicon oxide 
film (or pad oxide film) 32 having a thickness of about 
200 angstroms and a mask silicon nitride (SiN) film 33 
having a thickness of 0.15 micrometers (u. m) are con- 
secutively formed on a silicon substrate 31 , followed by 
formation of a photoresist film (not shown) having a 
mask pattern. Subsequently, the mask nitride film 33 
and the pad oxide film 32 are selectively etched by using 
the photoresist film as a mask to expose a portion of the 
silicon substrate 31 , followed by dry etching of the silicon 
substrate 31 for a specified depth to form a shallow iso- 
lation trench 34 for isolation of device elements. 
[0004] Thereafter, a silicon oxide film 35 having a 
specified thickness is formed by a low-pressure chemi- 
cal vapor deposition (LPCVD) within the isolation trench 
34 and in the vicinity thereof, followed by chemical-me- 
chanical polishing (CMP) of portions of the CVD oxide 
film 35 and the mask nitride film 33 disposed above a 
dotted line "A". Subsequently, the CVD oxide film 35, 
the mask nitride film 33 and the thermal oxide film 32 
are subjected to a wet etching for removing the portions 
of the CVD oxide film 35, the mask nitride film 33 and 
the thermal oxide film 32 disposed above a dotted line 
"B" to expose the surface of the silicon substrate 11 and 
to leave portions of the CVD oxide film 35 and the ther- 
mal oxide film 32 within the shallow isolation trench 34. 
[0005] Thereafter, as shown in Fig. 2, a gate oxide film 
37 is formed on the exposed surface of the silicon sub- 
strate 11 , followed by another CVD step to form a poly- 
crystalline silicon (polysilicon) film 38 on the CVD oxide 
film 35 and the gate oxide film 37. An amorphous silicon 
film may be formed instead of the polysilicon film 38. 
[0006] The current fabrication technique for the sem- 
iconductor devices enables to form a shallow isolation 



trench having a width of about 0.5 u,m. However, if the 
width of the isolation trench to be formed in a LSI is less 
than 0.4 pm, such as in the case of 0.25 ujti design rule, 
the LSI thus fabricated has a defect as detailed below. 

s [0007] As exemplarily depicted in Fig. 1 , a self-shad- 
owing phenomenon often results in the step of deposi- 
tion of the CVD oxide film 35 due to an undesired ani- 
sotropic deposition, wherein the CVD oxide film 35 con- 
tains a void therein at the central portion of the shallow 

10 isolation trench 34 as viewed in the horizontal direction. 
If the void 36, as shown in Fig. 2, remains after the wet 
etching, the CVD polysilicon film 38 is received in the 
void 36 to form an undesired silicon region 39. The sili- 
con region 39 may cause a short-circuit failure between 

is gate electrodes, for example, in an interconnect pattern 
formed on the silicon region 39. In short, the STI tech- 
nique may involve a short-circuit failure due to the void 
of the CVD oxide film 35 in the case of a finer pattern 
for the device elements. 

20 [0008] . A high density plasma CVD (HDP-CVD) tech- 
nique is now expected to solve the above problem in the 
current STI technique by effecting simultaneous depo- 
sition and etching of the oxide film 35. The HOP-CVD 
technique generally uses a low-pressure plasma, 

25 wherein electron density is designed between about 
10 12 and about 10 14 to increase the mean free path of 
electrons, while a bias voltage is appliedtothe substrate 
to further increase the vertical component of the mean 
free path of the electrons. 

30 [0009] In this technique, a larger thickness of the de- 
posited oxide film minus smaller thickness of the etched 
oxide film provides a moderate deposition of a resulting 
oxide film (hereinafter referred to as a bias oxide film) 
having a higher density than an ordinary CVD film, which 

35 js suitable for a shallow isolation trench having a smaller 
width. Inductive coupled plasma or electron cyclotron 
plasma may be used as the plasma source for the HDP- 
CVD process. 

[0010] Although the proposed HDP-CVD technique 
40 provides a bias oxide film having a higher density which 
can be effectively deposited in an isolation trench having 
a high aspect ratio, a MOS device having the isolation 
trench thus formed sometime involves a defect wherein 
a current-voltage characteristic of MOS transistors var- 
45 jes. 

SUMMARY OF THE INVENTION 

[0011] In view of the above, it is an object of the 
so present invention to provide a method for manufacturing 
a semiconductor device including an isolation trench 
having a smaller width, by using an improved HDP-CVD 
process. 

[0012] It is another object of the present invention to 
55 provide a semiconductor device having an improved 
isolation trench capable of suppressing variations in the 
current-voltage characteristics of transistors. 
[0013] The present invention provides a method for 
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manufacturing a semiconductor device comprising the 
consecutive steps of etching a surface region of a silicon 
substrate to form an isolation trench, forming a thermal 
oxide film on an inner wall of the isolation trench, depos- 
iting a CVD oxide film at least on the thermal oxide film, 
depositing a bias oxide film overlying the silicon sub- 
strate including inside of the isolation trench by a high- 
density plasma CVD technique, removing a portion of 
at least the bias oxide film remaining above a specified 
level of the silicon substrate to leave the isolation trench 
filled with at least the bias oxide film, and forming a plu- 
rality of element regions separated by the isolation 
trench from one another. 

[0014] The present invention also provides a semi- 
conductor device comprising a silicon substrate having 
an isolation trench thereon, and a plurality of element 
regions isolated from one another by the isolation 
trench, the isolation trench including therein a thermal 
oxide film, CVD oxide film and a bias oxide film consec- 
utively deposited from a bottom surface of the isolation 
trench, the bias oxide film having a higher density than 
the CVD oxide film. 

[0015] In accordance with the semiconductor device 
of the present invention and the semiconductor device 
manufactured by the method of the present invention, 
the current-voltage characteristic of the transistor can 
be improved because the oxide film deposited by the 
CVD step before the HDP-CVD step protects the ther- 
mal oxide film which in turn protects the silicon surface 
during the HDP-CVD step, whereby the silicon surface 
is not exposed to and protected against the HDP. 
[0016] The above and other objects, features and ad- 
vantages of the present invention will be more apparent 
from the following description, referring to the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0017] 

Fig. 1 is a sectional view of a conventional semicon- 
ductor device having an isolation trench at a fabri- 
cation step thereof; 

Fig. 2 is a sectional view of the semiconductor de- 
vice of Fig. 1 at a following step; 
Fig. 3 is a sectional view of another conventional 
semiconductor device manufactured by a HDP- 
CVD process; 

Fig. 4 is a perspective view of the semiconductor 
device of Fig. 3 at a following step thereof: 
Figs. 5A to 5D are sectional views of a semiconduc- 
tor device at consecutive steps of a fabrication proc- 
ess thereof according to an embodiment of the 
present invention; 

Figs. 6Ato 6D are enlarged partial sectional views 
of the semiconductor device of Figs. 5A to 5D at 
specified steps; and 

Figs. 7A and 7B are enlarged detailed sectional 



views of the semiconductor device of Figs. 5A to 5D 
at specified steps. 

PREFERRED EMBODIMENT OF THE INVENTION 

[0018] Before describing an embodiment of the 
present invention, a defect caused in the conventional 
HDP-CVD technique will be described for a better un- 
derstanding of the present invention. 
[0019] Referring to Fig. 3, the HDP-CVD process in- 
cludes the step of forming a pad silicon oxide film 32 
and a mask silicon nitride film 33 consecutively on a sil- 
icon substrate 31 , followed by formation of a photoresist 
pattern (not shown) on the mask nitride film 33. After 
selectively etching the pad oxide film 32 and the mask 
nitride film 33 by a dry etching using the photoresist pat- 
tern as a mask, an isolation trench 34 is formed on the 
silicon substrate 31 by a dry etching using the mask ni- 
tride film 33 as a mask. Subsequently, a thermal oxida- 
tion is performed to form a silicon oxide film 45 within 
the isolation trench 34, the thermal oxide film 45 extend- 
ing from the edge of the pad oxide film 32 on top of the 
silicon substrate 31 to cover the side walls and the bot- 
tom wall of the isolation trench 34. 
[0020] Thereafter, a bias CVD oxide (Si02) film 44 is 
deposited by a HDP-CVD process over the entire sur- 
face including the inside of the isolation trench 34. In 
this HDP-CVD process, the bias oxide film 44 is depos- 
ited while the thermal oxide film 45 is etched. Especially, 
the thermal oxide film 45 is strongly attacked at the top 
corner region 43 of the isolation trench 34 during the 
HDP-CVD process, whereby a surface region of the sil- 
icon substrate 31 is exposed from the thermal oxide film 
45 within the isolation trench 34 a the top corner region 
43. 

[0021] Referring to Fig. 4 showing the semiconductor 
device formed by using the HDP-CVD process, the sem- 
iconductor device includes a MOS transistor 46 having 
a gate 42 and source and drain electrodes 40 and 41 
disposed in a spaced relationship with each other along 
the isolation trench 34. The isolation trench 34 has in 
the vicinity of the transistor 46 a location where the mask 
nitride film 33, the pad oxide film 32 and the bias oxide 
film 44 are etched back. 

[0022] In the resulting MOS transistor 46, it is found 
that the transistor characteristic is damaged because of 
the variations in the gate voltage dependence of the 
drain current due to the exposed surface of the silicon 
substrate 31 at the top corner region 43 of the isolation 
trench 34. The present invention is devised for prevent- 
ing the silicon surface from being exposed in the isola- 
tion trench, as detailed below. 

[0023] Now the embodiment of the present invention 
is more specifically described with reference to the ac- 
companying drawings. Referring to Fig. 5A showing a 
step of fabrication process of the present embodiment, 
a 200-angstrom-thick pad oxide film 12 and a 0.15-mi- 
crometer-thick mask nitride film 13 are consecutively 
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formed on a silicon substrate 11 , followed by the step of 
formation of a photoresist pattern 1 9 on the mask nitride 
film 13. Subsequently the mask nitride film 13 and the 
pad oxide film 12 are subjected to a selective etching 
using the photoresist pattern 19 as a mask to expose a 
surface region of the silicon substrate 11. Further, the 
exposed region of the silicon substrate 11 is subjected 
to a dry etching to form an isolation trench 14 having a 
depth of 0.4 |im and a width of 0.4 u,m or less. The detail 
of the films at this step is depicted in Fig. 6A, wherein 
the pad oxide film 12, the mask nitride film 13 and the 
photoresist pattern 1 9 define an edge substantially flush 
with the side wall of the isolation trench 14. 
[0024] Thereafter, as shown in Fig. 6B, a 1000-ang- 
strom-thick thermal oxide film 15 having an excellent 
coverage characteristic is formed on the surface of the 
isolation trench 14 at a temperature of 1100° C, for ex- 
ample. The thermal oxide film 15 extends from the cut 
edge of the pad oxide film 12 and covers the side walls 
and the bottom wall of the isolation trench 14. The thick- 
ness of the thermal oxide film 15 is preferably between 
200 and 600 angstroms so as to effectively protect the 
silicon surface and not to form a bird's beak. 
[0025] Subsequently, a thin CVD oxide film 16 is de- 
posited on the entire surface of the wafer including the 
surfaces of the thermal oxide film 15 and the mask ni- 
tride film 1 3 by a LPCVD technique together with a tem- 
perature oxidation technique, as shown in Fig. 5B. Fig. 
6C depicts the detail of the thin CVD oxide film 16, 
wherein the CVD oxide film 16 covers the entire surface 
of the wafer, covering directly the thermal oxide film 15 
and the mask nitride film 13. 

[0026] Further, a bias oxide film 1 7 is deposited in the 
isolation trench 14 and on other portion of the wafer by 
a HDP-CVD technique using a bias deposition system 
at a temperature between about 200 and about 400° C, 
and at a pressure between about 1 and about 10 
mmTorr. In this step, the bias oxide film 17 is moderately 
deposited while the CVD oxide film 16 is substantially 
entirely removed by a low-pressure plasma etching, with 
■ an inclination angle being about 45° at the edge of the 
bias oxide film 17. The bias oxide film 17 is formed in 
the isolation trench 14 and on the mask nitride film 13 
in the vicinity of the isolation trench 14. The inclination 
angle depends on the bias power, and is about 40° for 
1500 watts of the bias power, about 45° for 3500 watts, 
and about 50° for 5000 watts. Thereafter, the bias oxide 
film 1 7 is subjected to a CMP (chemical-mechanical pol- 
ishing) step to obtain a substantially planar surface for 
the bias oxide film 17, as shown in Fig. 5D, wherein el- 
ement regions 20 for receiving therein MOS transistors 
are separated by the isolation trench 34.. 
[0027] Fig. 7A shows the detail of the semiconductor 
device at the step of Fig. 6D, wherein it is depicted that 
the CVD oxide film 16 is substantially entirely removed 
except for the bottom of the isolation trench 1 4, whereas 
the thermal oxide film 15 remains substantially as it is 
due to the protection by the CVD oxide film 16. The re- 



maining thermal oxide film 1 5 effectively protects the sil- 
icon surface against the plasma damage during the 
HDP-CVD process. 

[0028] The thickness of the CVD oxide film 16 as de- 

s posited is preferably between about 1 00 and about 600 
angstroms, and more preferably between about 200 and 
about 400 angstroms. The CVD oxide film 16 having a 
thickness above 600 angstroms may cause a higher as- 
pect ratio of the isolation trench to degrade the coverage 

10 of the bias oxide film 1 7, although the larger thickness 
provides a stronger protection of the thermal oxide film 
15 and affords excellent characteristics for MOS tran- 
sistors or gate oxide film thereof. 
[0029] After the step of Fig. 7A, the mask nitride film 

is 1 3 is etched by wet etching using heated phosphoric ac- 
id, and then the pad oxide film 1 2 is etched by wet etch- 
ing using hydrogen fluoride, thereby obtaining the struc- 
ture shown in Fig. 7B. In this structure, the isolation 
trench 14 of the semiconductor device includes therein 

20 the thermal oxide film 1 5, the CVD oxide film 1 6 and the 
bias oxide film 17 which are consecutively formed on 
the bottom surface of the isolation trench 14. The CVD 
oxide film 1 5 is generally removed by the HD-CVD proc- 
ess from the other portion of the isolation trench 1 4 such 

25 as the side walls thereof. 

[0030] As described above, in the embodiment of the 
present invention, the HDP-CVD process provide a bias 
oxide film 17 having a higher density in the isolation 
trench 14 whereas the CVD oxide film 16 protects the 

30 thermal oxide film 15 to protect the silicon surface 
against the plasma damage by the HDP-CVD. By this 
technique, the HDP-CVD process does not degrade the 
transistor characteristic even in the case of an isolation 
trench having an aspect ratio as high as 1.5 or more. 

35 The process of the present embodiment can be applied 
to a semiconductor device of 0.25 u,m or 0. 1 8 u,m design 
rule. 

[0031] The CVD oxide film 16 provide another advan- 
tage of protection of the mask nitride film 13 against 

40 electrostatic absorption during transportation of the wa- 
fer effected at an intermediate step of the fabrication 
process. Generally, the wafers are transported by a car- 
riage with the top surface of the wafer on the carriage, 
which causes an electrostatic absorption due to the 

45 electrostatic charge accumulated on the silicon nitride 
.film during the transportation of the wafer, if the silicon 
nitride film is not covered by the CVD oxide film. 
[0032] The method of the present invention can be ap- 
plied to bipolar transistor device, flash memory, DRAM 

so jp addition to the MOS device. 

[0033] Since the above embodiments are described 
only for examples, the present invention is not limited to 
the above embodiments and various modifications or al- 
terations can be easily made therefrom by those skilled 

55 in the art without departing from the scope of the present 
invention. 
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Claims 

1. A method for manufacturing a semiconductor de- 
vice having an isolation trench (1 4) on a silicon sub- 
strate (1 1 ) for separation of device elements, char- s 
acterized by forming a thermal oxide film (15), a 
CVD oxide film (16) and a bias oxide film (17) con- 
secutively on an inner wall of said isolation trench 
(14), wherein said bias oxide film has a higher den- 
sity than said CVD oxide film. 10 

2. The method as defined in claim 1 , wherein saidther- 
mal oxide film (15) has a thickness between about 
200 and about 600 angstroms. 

75 

3. The method as defined in claim 1 or 2, wherein said 
CVD oxide film (16) has a thickness between about 
100 and about 600 angstroms. 

4. The method as defined in one of claims 1 to 3 further 20 
comprising the step of heating said silicon substrate 
(11) to form a pad thermal oxide film (12) on said 
silicon substrate (11). 

5. The method as defined in claim 4, wherein said CVD 25 
oxide film (1 5) extends from a cut edge of said pad 
thermal oxide film (1 2) at a top comer region of said 
isolation trench (14). 

6. The method as defined in one of claims 1 to 5, 30 
wherein said films removing step includes a chem- 
ical-mechanical polishing and a wet etching. 

7. A semiconductor device comprising a silicon sub- 

. strate (11) having an isolation trench (14) thereon, 35 
and a plurality of element regions (20) isolated from 
one another by said isolation trench (14), wherein 
said isolation trench (14) includes therein a thermal 
oxide film (15), CVD oxide film (16) and a bias oxide 
film (17) consecutively disposed from a bottom sur- 40 
face of said isolation trench (14), and said bias ox- 
ide film (17) has a higher density than said CVD ox- 
ide film (16). 

8. The semiconductor device as defined in claim 7, 45 
wherein said isolation trench (14) has an aspect ra- 
tio of above about 1 .5. 

9. The semiconductor device as defined in claim 7 or 

8, wherein said isolation trench (14) has a width of so 
less than about 0.4 um 
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